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GENERAL PROJECT OVERVIEW AND GOALS 
The ―Data Curation for Geobiology at Yellowstone National Park‖ workshop was held from April 
16-17, 2013, as part of the Site-Based Data Curation (SBDC) project, funded by the Institute of 
Museum and Library Services. The SBDC project is developing a framework of guidelines and 
processes for the curation of research data generated at scientifically significant sites. The project 
team is made up of experts in: data curation from the Center for Informatics Research in Science 
and Scholarship at the University of Illinois at Urbana-Champaign (Illinois); data archiving and 
system development from the Data Conservancy at Johns Hopkins University (JHU); geology and 
microbiology from the Institute for Genomic Biology; and resource management from Yellowstone 
National Park (YNP).  
 
The project aims to improve the preparation and description of data by researchers, reduce curation 
burdens for data centers and archives, and advance the preservation, access, and utility of data 
resources for scientific and site management purposes. The workshop was a major activity in the 
first year of the project. It was designed to extend representation for the two primary stakeholder 
groups – scientists who collect data at YNP and resource management personnel from the park – for 
engagement with the curation and repository developers on the project team. The workshop was the 
first phase of systematic interactions with scientists and resource managers for collective curation 
planning with the stakeholders as the team works to develop, test, and document efficient processes 
for site based data curation. The trio of stakeholders is outlined in Figure 1. Acronyms used in the 
report are summarized in the table in Appendix 1. 
 
 
Figure 1. Stakeholders in Site-Based Data Curation at Yellowstone National Park 
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IMPORTANCE OF YNP FOR SITE-BASED DATA CURATION 
Scientifically significant research sites, like Yellowstone National Park (YNP), are logical and 
highly efficient points for data curation intervention. This has been demonstrated in the localized 
approach to data management developed by the Long Term Ecological Research (LTER) 
Network.
1,2
 Such research sites are important loci for small research projects, which, according to 
one account, include about 80% of scientific research projects and nearly 40% of total research 
funding, forming the long tail of science.
3
 It has been predicted that, over time, long-tail science 
will produce more data than "big science."
4
 However, because of the complexity of its practice and 
culture, small science is very poorly served by curation and repository services.
5
 Small science 
researchers tend to work independently or in small groups, on hypothesis-driven questions, with 
data kept locally for private analysis. These communities are heterogeneous in their methods and in 
the types of data they produce and use; standards are rarely applied; and, for most, data sharing is 
not yet part of the culture.
6
 Yet, small science has much to gain from informed site-based curation, 
and a tremendous amount to contribute to integrative, cross-disciplinary research driving the move 
toward nationally and globally networked data.
7,8,9
 
 
YNP is a mecca for data collection in geobiology – an exemplary, interdisciplinary small science 
field. Figure 2 (below) details some of the kinds of geological and biological data produced by 
independent researchers doing fieldwork at YNP. To many scientists, YNP is a living science 
museum
10,11
 with numerous advantages for field researchers. It is a well-protected, well-studied, 
accessible environment, rich with evidence for investigating permitted research questions ranging 
from the origin of life on Earth to the search for life on other planets. Researchers at YNP can pick 
and choose carefully among thousands of diverse thermal features as well as spatially and 
temporally accessible sites, allowing the careful dissection of natural systems that have not been 
publicly exploited. Because of this ease of accessibility, researchers can refine questions and data 
collection methods quickly, and they can easily return to research sites for additional study or 
verification. The broad range of sites within YNP is also a key consideration. Researchers can focus 
on either differences or similarities among the diverse sites, with distinct boundaries between sites 
and exciting possibilities spatial and temporal aggregation of data. 
                                                             
1 Karasti, H., & Baker, K. S. (2008). Digital data practices and the long term ecological research program growing global. International Journal of 
Digital Curation, 3(2), 42-58 
2 Baker, K. S., & Millerand, F. (2010). Infrastructuring ecology: Challenges in achieving data sharing. In J. Parker, N. Vermeulen, and B. Penders 
(Eds.) Collaboration in the New Life Sciences, 111-138. Surrey, England: Ashgate. 
3 Heidorn, P. B. (2008). Shedding light on the dark data in the long tail of science. Library Trends, 57, 280-299. 
4 Carlson, S. (2006). Lost in a sea of science data. Chronicle of Higher Education, 52(42), A35-A37. 
5 Cragin, M. H., Palmer, C. L., Carlson, J. R., & Witt, M. (2010). Data sharing, small science and institutional repositories. Philosophical Transactions 
of the Royal Society A: Mathematical, Physical and Engineering Sciences, 368(1926), 4023-4038. 
6 Borgman, C. L., Wallis, J. C., & Enyedy, N. (2007). Little science confronts the data deluge: habitat ecology, embedded sensor networks, and digital 
libraries. International Journal on Digital Libraries, 7, 17-30. 
7 Hey, T., Tansley, S., & Tolle, K. (Eds.). (2009). The fourth paradigm: Data-intensive scientific discovery. Redmond, WA: Microsoft. 
8 National Science Board. (2005). Long-lived digital data collections: Enabling research and education in the 21st century (NSB-05-40). Retrieved 
from http://www.nsf.gov/pubs/2005/nsb0540/ 
9 National Science and Technology Council. (2009). Harnessing the power of digital data for science and society. Report of the Interagency Working 
Group on Digital Data to the Committee on Science of the National Science and Technology Council. Washington, DC: Science and Technology 
Council. 
10 Cowan, I. M. (1968, April). Wilderness: Concept, function & management. Horace M. Albright Lecture in Conservation presented at the University 
of California, Berkeley. Retrieved from http://nature.berkeley.edu/site/lectures/albright/1968.php 
11 Schullery, P. (2001). Mountain goats in the greater Yellowstone ecosystem: A prehistoric and historical context. Western North American 
Naturalist, 61(3), 289. 
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Figure 2. Systems Geobiology Data 
 
Our workshop participants reinforced and confirmed the importance of YNP as an exemplar for 
site-based curation. As noted by one participant: ―[There is] nothing in Yellowstone that‟s so unique 
it doesn‟t make it an excellent example for data curation, improving protocols, standardization…‖ 
Another added, ―It is really a microcosm for the world.‖ Additionally, YNP is the first and oldest 
national park, and in many respects has led the way for policy development in the National Park 
Service (NPS) as a whole, particularly in terms of scientific research. Policies that are developed in 
YNP are often adopted by other national parks. Our work with YNP in this project could have 
significant influence and impact throughout the NPS, other federal agencies and beyond. 
 
Park service professionals and independent scientists conducting research in the park are primary 
stakeholders in YNP’s scientific resources. They recognize how much could be gained through the 
curation of YNP’s extensive and diverse digital data, and the integration of these data into the 
emerging global network of data. Researchers who collect data at YNP are well positioned for 
working toward best practices in data curation, having gained experience collaborating on data 
efforts in the Yellowstone Resource Coordination Network (RCN) established by Montana State 
University in 2005, YNP resource managers can benefit from more systematic and comprehensive 
understanding of the data generated in the park. Better documentation of the data collected globally 
across the park could lead to less duplication of effort and stress on the environment, better 
ecosystem-wide management decisions and promotion of longitudinal and interdisciplinary use of 
data across projects to address high impact research areas. 
WORKSHOP OVERVIEW 
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The two-day stakeholders’ workshop was aimed at generating benchmarks for curation guidelines 
and processes for the collection, representation, and sharing of datasets being produced by scientists 
permitted to conduct research at YNP. The invited participants included nine researchers – 
geologists, geochemists, and microbiologists – conducting research at YNP and park personnel, and 
seven professionals from YNP, including managers of research permitting and reporting, and 
information professionals from the YNP research library and archive. Workshop activities included 
roundtable discussions and an exercise on integrative science and data sharing. The SBDC team 
also conducted two focus groups, one with the researchers and one with the YNP personnel. See 
Appendix 2 for information on participants and Appendix 3 for text of the initial invitation.  
 
Participants were asked to complete a pre-workshop questionnaire to help guide discussion during 
the workshop and improve our understanding of geobiologists’ data practices. The questionnaire 
included research consent (Appendix 4). Unfortunately, only 2 questionnaires were completed, but 
the team is continuing to work with participants to obtain the information as part of the workshop 
follow-up activities. 
 
The workshop opened with presentations by team members from Illinois and JHU. Illinois 
introduced the project and related recent work within the context of funding agency requirements to 
include data management plans with proposals and the February 2013 White House Office of 
Science and Technology Policy (OSTP) memorandum, ―Increasing Access to Results of Federally 
Funded Scientific Research.‖ 12 JHU presented on the Data Conservancy initiative and its relation to 
the SBDC project. They gave a second presentation later in the day on preparing data for sharing 
and repositories. Activities and discussion sessions followed, with a presentation on the 
Yellowstone Research Coordination Network at the close of the first day. The second day consisted 
of paired focus group sessions, in which participants were divided into groups of researchers and 
resource managers, followed by a full group wrap up session. The detailed program is provided in 
Appendix 5. 
 
For the remainder of this report, the terms ―researchers‖ and ―resource managers‖ are used to refer 
to the two groups of participants. Where there was alignment in the views of the two groups, the 
generic term ―participants‖ is used. In cases where verbatim excerpts are used, the language has 
been edited to improve readability by removing inconsequential words such as ―uh‖ and ―um.‖ 
 
                                                             
12 The Office of Science and Technology Policy (OSTP) issued a memorandum on February 22, 2013 to the heads of executive departments and 
agencies, directing them to ―develop a plan to support increased public access to the results of research funded by the Federal Government’. See 
http://www.whitehouse.gov/sites/default/files/microsites/ostp/ostp_public_access_memo_2013.pdf  
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EMERGENT THEMES  
The report is organized in seven sections representing the key themes that emerged through analysis 
of the workshop discussions and focus groups (see Appendix 6 for focus group questions).   
 
1. Perspectives on data reuse 
2. Documenting sampling processes 
3. Yellowstone National Park perspectives  
4. Advancing data management and archiving 
5. Advancing data sharing 
6. Big wins  
7. Confirmation of Yellowstone National Park as an exemplar 
1. PERSPECTIVES ON DATA REUSE 
A. DATA DESCRIPTION 
Reluctance to use other researchers’ data, published or otherwise, was noted and discussed. For 
example, one participant stated: ―…even if [relevant] information is available when I formulate a 
question, I‟m going to want to get it for myself.‖ However, the discussion quickly extended to how 
participants had reused or would appreciate reusing data collected by other YNP researchers. In 
addition, in working through the ―Integrative Science Activity‖ (Appendix 7; see Appendix 8 for a 
summary of results), all participants seemed able to conceive of scenarios where specific data 
collected by other researchers would be relevant and useful to their own studies. Some of the 
skepticism was based on an assumption that data would not be described with the detail needed to 
support reuse. As part of the activity, description requirements were articulated for reusing specific 
kinds of data produced by other participants. Recommendations for metadata describing data 
(Appendix 9) were generated through further brainstorming among the researchers during the 
workshop and in a post-workshop memo produced by a participant and one SBDC team member. 
 
Researchers indicated that datasets must contain not only the right parameters, but also description 
of the precision, granularity, and uncertainty of the measurements and details on the sampling event. 
If a given dataset, ―doesn‟t meet the detail that we‟re looking for, [we‟re] probably not going to use 
it.‖ For data to be reused, it will be essential for researchers to be able to assess how an available 
dataset fits or aligns with the data they produce in their own projects. Resource managers hoped that 
adopting community metadata standards would support data sharing and curation; however, they 
emphasized that one standard would not be sufficient to support the diversity of research conducted 
or science domains represented in the park. 
 
Discussions alluded to a need for controlled vocabularies that were simple and that representative of 
the actual methods scientists are currently applying. For instance, a simple classification for pH 
measurement type – ―by paper‖ or ―by instrument,‖ with descriptions of instrumentation – was 
deemed of high value. Adherence to ―official‖ YNP site names and abbreviations (e.g. Angel 
Terrace) for YNP geological features would be important, as would relating sub-features, such as 
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those along the spring drainage system (e.g., from vent to apron & channel, pond, proximal slope, 
and distal slope). 
 
Application of controlled data description vocabularies would be vital to coordination across 
studies. The participants generally recognized that any approach to data description would need 
acceptance of (possibly new) community standards; however, these standards must not inhibit 
individualized methods for sampling, experimentation, analysis and computation. Discussions, 
documented further below, considered standards in a number of areas, including sampling protocols 
and context, similar to those traditionally recorded in field notebooks, perhaps in relation to a 
research trip log, and other metadata about data collection, processing, and analysis. 
B. AGGREGATE DATA 
During the course of the workshop, researchers expressed many ways that aggregations of YNP 
data could benefit their research. They were interested in aggregations around a number of 
dimensions, including:  
 one location over time (as a time series), 
 across multiple locations at a specific point in time, 
 seismic events, 
 specific geological feature, and 
 specific parameters (levels of sunlight, seismological record, etc.). 
 
Researchers recognized that aggregations of data could support new, data intensive science and be 
the source of new insights or discoveries. Participants noted potential for: 
 generating and investigating new ―big picture‖ research questions, 
 facilitating broad comparative studies, 
 determining normal conditions over time, and  
 juxtaposing isolated studies to reveal new connections and relations. 
 
The study of dynamic systems was seen as an important area of research that could be advanced 
with a large, diverse YNP aggregation. The potential for mining bodies of aggregated data was also 
noted and related to current use of large canonical data resources, such as GenBank. But, other 
aspects of aggregate value were acknowledged, for example, that researchers would ―gain by seeing 
their data in the same context as other people‟s data.‖ 
 
From the perspective of resource managers, an YNP aggregation could offer important functionality 
for coordination of data collection activities and management of park resources. YNP interests (as 
represented at the workshop) would not require access to the actual data. Metadata records would be 
sufficient for the kinds of tracking and reporting envisioned for internal resource management needs 
and also for services provided by the research library and archive. YNP already documents some 
pertinent information through research permitting and reporting systems (see Appendix 10 for an 
example of the one reporting form, a ―field survey‖ researchers are asked to fill out each year); 
however, metadata associated with data collected in the park could aid research coordination, 
decision-making, and long-term planning. For example, the risk of redundant or excessive data 
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collection in delicate ecological areas could be closely monitored and mitigated or scientists could 
be guided to areas with potential for high impact data for their research questions.  
 
An array of data resources and initiatives were identified throughout the course of the workshop. 
While they vary considerably in the how they would relate to an YNP aggregation, the sources 
mentioned reflect the strong relationships and complementarity the aggregation would have to other 
data efforts:   
 
 Yellowstone Volcano Observatory, 
 EarthCube, 
 IRIS Seismic Monitor,  
 EarthChem, 
 Earth Microbiome, 
 EarthScope, 
 Neon, 
 Camera, 
 American Type Culture Collection (and German and Japanese equivalents), 
 GeoMapApp, 
 NOAA climate data, 
 NCBI, and 
 GenBank. 
C. INDICATORS OF VALUE 
Researchers identified various characteristics of valuable data. As noted above, description is key, 
not just of the data produced but also of the sampling processes used in the field and analysis 
techniques to be applied in the laboratory. ―Complete‖ data were viewed as being highly valuable. 
Important areas for description included:  
 environmental context, 
 relationships among biological, chemical and physical attributes of a site feature (e.g., a hot 
spring), and 
 location within a feature at a level of granularity beyond geolocation (e.g., within a spring’s 
flowpath or inside of or outside of a caldera). 
 
Weather data and geological data are considered of high value for establishing context and 
supporting longitudinal studies in, for example, climate change studies. 
 
Resource managers noted concerns about preservation of digitized versions of analog data, but 
emphasized the value of rare, ―one-off‖ projects and theses. Many of these projects are on less 
studied groups, areas, or features, and the datasets are often one-of-a-kind and irreplaceable. One 
resource manager talked about thesis data from the 1970s, which would be relevant to many current 
studies but are now difficult, if not impossible, to track down. 
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There was also recognition of the importance of preserving the data generated by NPS researchers 
at YNP over the years around specific research questions. As one resource manager remarked: 
―They collect a tremendous amount of data … there is a huge amount of information that … would 
absolutely benefit the outside researchers because it‟s looking at those places as a whole, it‟s 
changes over time, it‟s all kinds of stuff. But there is no way for anyone to know about that…‖ 
2.  DOCUMENTING SAMPLING PROCESSES 
A. CONSISTENT DOCUMENTATION PRACTICES 
In discussing requirements for reuse of data, researchers converged on the importance of detailed 
and consistent records of sampling procedures and site context in the field. There was a strong 
emphasis on encouraging best practices in data documentation. As asserted by one participant, 
―data access isn‟t enough‖ – researchers must be able to discern exactly how data were collected: 
―If I can see [these] then I‟ll feel good about the data.‖ Transparency of process supports 
assessment of data’s fitness-for-use, but as seen above, it is not the sole indicator of data quality.  
 
Aspects of sampling that need to be recorded include:  
● Specifically what was physically collected, 
● Size, quantity, and replication of the sample,  
● What tools or instruments were used, 
● Method for preserving the sample, 
● Parts of samples or whole samples that were not preserved, 
● Dilutions or other processing carried out in the field (e.g., for silicon), 
● Sterility of the sample and of sampling tools, and 
● Transportation method for the sample. 
 
Discussion emphasized that there should not be an effort to standardize protocols, but rather to 
document them in a routine way to improve reporting and access to the information about 
procedures applied. Some methodological information is already elicited in permit applications and 
Investigator Annual Reports (described more fully in Appendix 11), which asks for a description of 
the investigator’s planned and completed analyses and may include sampling methods. However, 
these reporting mechanisms are not standardized or itemized in a way that would support reuse of 
data.  
 
In addition to more formal documentation of protocols and procedures, participants saw benefits in 
developing standardized forms to provide a uniform method for collecting information about 
sampling processes. Identification numbers (identifiers), such as DOIs,
13
 were considered important 
but it is not clear how numbering would best work across a research trip to YNP, since sampling 
events during a trip vary in their duration and complexity. There are existing YNP identifier 
                                                             
13 Digital Object Identifiers (DOI) is a system for registering digital objects. See http://www.doi.org/. 
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systems for fieldwork conducted by researchers that might be leveraged, but they are not publically 
available at this time. Identifiers associated with research permits might also be an option. 
 
The resource managers also stressed the need to collect and preserve data about sampling methods. 
One remarked, ―We have had researchers come back to us and say… „Well how did they gather this 
data? Who did this?‟ Because it may not say that in the final paper or thesis ... it can be very 
frustrating to say, „Well I‟m sorry we just can‟t help you.‟ But to have that piece and to be able to 
say, „Well, their data is here or this is what they did.‟ It would be so much nicer to be able to help 
our researchers.”  
 
In addition, researchers discussed the value of also having access to details on the data processing 
and analysis that happens later in the laboratory environment. Participants shared a number of 
anecdotal cases where data became useless when these sampling and analytical processes were not 
documented.  
B. MULTIPLE ROLES FOR PHOTOGRAPH DATA  
There was agreement among the participants that photographs are an important data source that can 
serve multiple functions when sharing YNP data. Researchers routinely produce an abundance of 
photos as part of the data collection process in the field. Photographs allow researchers to quickly 
document the environmental context and geologic setting associated with their samples. They also 
serve to verify site conditions and can be vital for tracking seasonal change, and other changes in a 
site over time. One researcher noted that the first thing he asks about a dataset is, ―OK, so what did 
the spring look like?‖ 
 
In considering the importance of photos, the researchers were optimistic that they could provide a 
vital organizational function, when paired with geospatial and temporal data, and associated with a 
stable identifier. They would be an optimal central point of organization for data collected at a 
particular feature during a particular sampling event. In fact, a strategy was discussed where photos 
could link not only to associated data but also to journal publications based on the data results, and 
potentially serve as a meaningful entry point for data access. Resource managers concurred that 
photographs have high reuse value. 
3.  YELLOWSTONE NATIONAL PARK PERSPECTIVES  
A. PROFESSIONAL ROLES 
General discussion considered responsibilities among researchers and institutions for supporting 
open data publications, and the collection and long-term stewardship of data. YNP participants 
emphasized their roles as managers, explaining that they do not do strategic planning or policy 
development, ―The types of positions that we have are managing the information that is given to us 
but not necessarily determining what is important to get...‖ They are required to comply with NPS 
regulations and other federal mandates. For example, within the YNP Archives, workflows and 
policies are set around National Archives and Records Administration (NARA) records retention 
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schedule, and the park relies on subject matter experts (such as the scientists invited to our 
workshop) to set collection development policy and strategy and for peer review of permits. 
 
YNP participants recognized the importance of data sharing and that programmatic curation efforts 
could benefit research coordination and help them adhere to the growing federal expectations for 
open access to data. However, during the workshop the YNP participants emphasized current 
constraints more than possibilities. Some noted that collecting actual research data seemed 
unfeasible. As one manager put it, ―There is no point in us asking for data if we don‟t have 
anywhere to put it, or any system to put it in, or any way to retrieve it. We couldn‟t even justify to 
people why we even need their data.‖ 
 
Resource managers cautioned that they did not have the authority (via written policy) or resources 
to take on additional monitoring or enforcement of data activities beyond the systems already in 
place, such as the investigator annual reports (IARs) and field survey forms. Information collected 
through the permitting process and the field survey is primarily for internal purposes related to 
environmental impact and safety. There was a concern that additional reporting requirements could 
become too cumbersome for researchers, and additionally, could distract from permitting 
administration and field monitoring of researchers overall. Moreover, many participants argued that 
since researchers continue working with their data long after they leave the park, it would be 
difficult to tie data deposition expectations to permitting. 
B. YNP INFORMATION SYSTEMS 
Information technology policy and protocols are generally guided by NPS, and within YNP there is 
a dependency on existing NPS databases, computers, and web services. Two databases, in 
particular, were discussed – the Integrated Resource Management Applications (IRMA) system and 
the Interior Collections Management System (ICMS). IRMA is an NPS-wide, multipurpose 
database being developed to consolidate a number of earlier databases containing literature, range 
maps, species lists, and other ―official‖ sources of park data. ICMS is a collection management 
database used by NPS museums to track physical collections and accessions. See Appendix 12 for 
more detailed description of both. 
 
Both systems have some capability for managing datasets, but they are not specifically designed for 
that purpose. For example, ICMS has a ―related documents‖ field, which would allow datasets to be 
attached to specimens or artifacts, but these account for only a small percentage of the data 
collected in the park. IRMA, on the other hand, should be able to store datasets or metadata about 
them, but at the time of our workshop, had been primarily used for data generated internally by 
NPS. Resource managers were unsure if IRMA was expected to be used for, or could scale to 
include, non-NPS data, noting that prior attempts to store researcher data in IRMA had not been 
successful: “we tried to put [remote sensing data] in IRMA but [the file size] was too big at the 
time, and now we might be able to put it in IRMA, but right now it‟s on a drive in [an NPS staff 
member‟s] office.” YNP is like many organizations – data tend to be stored in an ad hoc manner on 
local computers. There is a reliance on individual YNP staff members’ memory for locating data 
with no overarching structure and uneven formal documentation. The lack of documentation or 
systems for retrieval creates a risk that information will be lost when there is staff turnover. 
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4.  ADVANCING DATA MANAGEMENT AND ARCHIVING 
A. ASSESSMENT OF NEEDS 
Assessment of current ad hoc data archiving efforts within YNP was identified as a need, as well as 
assessment of projected future data needs. This would require deciding what data are most ―critical‖ 
or ―fundamental‖ to park management now, and what would likely be valuable in the near future. 
To this end, one resource manager suggested gathering case studies or anecdotes of instances in 
which data access or lack of access had already had an impact on resource management.  
 
Though resource managers generally agreed that archiving data en masse was out of scope for them 
at this point, as noted previously, they recognized that collecting metadata about research data 
would be both feasible and valuable. As one resource manager put it, “I think starting with knowing 
what the datasets are could be a good place to start rather than maybe just with the raw data.” If 
data have been made openly accessible, it would also be important to know where data are being 
held. As one resource manager noted, ―We don‟t need to necessarily duplicate the information as 
long as we know where it‟s being cared for elsewhere.‖ Resource managers noted that relying on 
this method of dispersed data storage could be difficult, saying that the diversity of different data 
centers and storage options would be hard to track unless researchers are regularly telling them that 
they exist. 
B. LEVERAGING RESEARCHER DATA MANAGEMENT PLANNING 
Resource managers were interested in capitalizing on established, external initiatives and best 
practices for keeping track of YNP data. With a data management plan (DMP) now required by 
major funding agencies for research proposals, collecting these plans was raised as one way to track 
and help provide access to data. There was general agreement that regularly obtaining these 
documents from researchers during the initial permitting processes could act as a first step in 
establishing a catalog of links to data. Resource managers representing the Archives’ staff in 
particular, noted that it is important to collect this information during the researchers’ initial 
interaction with park staff, because once they leave the park they’re much less likely to provide 
documentation. It was unclear if this kind of information or metadata could be integrated into 
IRMA at some point. 
C. LEVERAGING ACADEMIC DATA MANAGEMENT MODELS 
Adoption of more formally documented data curation practices may be encouraged as areas of the 
park move toward a more academic model, as opposed to resource or land management model. A 
representative from the Archives noted that there are units within the park, such as the Yellowstone 
Center for Resources (YCR), that behave more like university research centers than traditional land 
management agencies and that the YCR Chief of Resources believes publications are crucial and 
has asked staff members to give publication greater priority. This participant seemed optimistic that 
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this ―academic orientation‖ could help foster data publication and preservation initiatives going 
forward. 
D. LEVERAGING EXISTING TOOLS AND PROCESSES 
Existing park databases and infrastructures could possibly be adapted to serve data curation needs. 
IRMA in particular seems to hold promise. However, past problems were identified with uploading 
documents or datasets to IRMA due to file size limitations.  
 
The permitting process is a potentially attractive point of intervention at which to encourage data 
description and deposit from independent researchers. However, there are barriers to making 
substantial changes to existing permitting processes: primarily, there is no NPS-wide policy that 
strictly ―requires‖ the collection of raw data or data management plans, nor are there the personnel 
resources or guidelines that would aid in the enforcement of data reporting. One resource manager 
noted, ―I have to be able to show how the park's using it or what we're doing with it or how it's 
going to benefit the park, and it also has to benefit people's needs in terms of what their grant 
requirements are going to be with this new [OSTP] memo.‖ Managers also pointed out that though 
permits must be renewed annually, if a researcher isn’t visiting a park for a year, they might not 
renew their permit, leading the project to be listed as ―inactive.‖ Additionally, once fieldwork is 
complete, researchers are, of course, not required to renew their permits. There is no mechanism for 
enforcing project reporting after the fact.  
 
Use of the existing check-in system for fieldwork as a point of intervention was discussed. Resource 
managers noted that the primary purpose of the system is to allow NPS rangers to know where 
people are working so that they can assist in emergencies. While it might be possible to alter the 
check-in system to allow metadata describing the research and sampling activities to be recorded, it 
was not clear how such a system would be enforced. Additionally, any modification would require a 
difficult shift in obligations and scope of responsibility for staff currently in charge of these 
operations. Any new requirements would entail additional human resource or re-allocation of 
current staff and political hurdles. 
5.  ADVANCING DATA SHARING 
A. BROADER IMPACTS 
Researchers were optimistic about the potential impact of sharing YNP data, and about participation 
in data sharing by the broader community. Though data management and sharing requirements are 
still seen as an ―unfunded mandate,‖ several examples were offered of comparable community 
efforts around seismic and climate data. It was recognized that data sharing ―would satisfy a lot of 
requirements at the same time,‖ especially if tied to annual YNP reporting. In addition, there was 
discussion of how making data publically available is an important aspect of ―broader impacts‖ for 
their research grants. Some researchers were optimistic that sharing good datasets would eventually 
lead to increased citation for associated publications, where ―good‖ means robust metadata and 
possibly clear examples explaining how the data could potentially be reused. The group believed 
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that other scientists would respond well to seeing their data aggregated with other YNP data and 
that such an aggregation would be highly valuable for the reasons outline previously. Participants 
cautioned, however, that expectations for altruistic sharing of data were unrealistic. As one 
researcher remarked, ―the people who are generating the most highly impactful data, that‟s 
probably the best data, won‟t have time to do this…‖  
B. COMMUNITY DYNAMICS 
Existing relationships between YNP researchers are an important strength for advancing 
coordination of site-based curation. One researcher summarized this nicely: ―Although we‟re 
collegial, we work as individuals,‖ with participants suggesting that any increase in connectivity 
among projects would need to account for this culture of connected autonomy. There was an 
expectation that their collegiality paved the way for successful data sharing and management, 
―because we have a lot of long-term work together; many, many decades of making this 
[collaboration] happen.‖ Resource managers concurred: ―The geobiology group that works in 
Yellowstone had made tremendous strides towards actually sharing and collaborating.‖ Resource 
managers saw potential benefits of early adoption, particularly if done in coordination with NPS to 
develop and implement best practices. Participants indicated a need for institutions like JHU to 
provide data services, at some individual or institutional level, to be managed as direct cost in 
grants. 
C.  INTEGRATION WITH CURRENT PRACTICE 
As would be expected, there was a shared understanding that site-based curation could not be overly 
disruptive to current processes of research and park management. Reporting expectations must 
balance demands on researchers’ time against returns to individual researchers, the community at 
large, and YNP. One participant noted that the park service already functions in this way: ―They 
have this sort of policy, park philosophy: you can‟t make [reporting] too onerous on everybody 
otherwise people won‟t do research here…” Strategies emerged for easing adoption, with emphasis 
on ways to make reporting as routine as possible, with forms that offer standardized protocol 
options and prepopulate fields when possible. More generally, building on existing reporting 
procedures and practices is critical, extending “small structures” everyone uses in their work. 
Participants suggested system features that could encourage participation, such as the ability to 
comment, annotate, and track changes to their own and others’ data, regular reporting to the 
community on use trends, tools to support dataset normalization, and the ability to compare datasets 
across a common framework. 
6. BIG WINS 
A. A SITE-BASED DATA REPOSITORY 
Researchers want the convenience of access to an organized aggregate of YNP research data, and 
ideally syntheses of these data as well, rather than a combination of institutional repositories, USGS 
reports, and disciplinary repositories. The availability of full, detailed data (as opposed to more 
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basic pH and temperature data) would also have the important outcome of increasing transparency 
and awareness of research in YNP. The data would need to be understandable, not just accessible, to 
scientists in other fields of research, with information on limitations and uncertainty, as well as how 
to contact the owner of the data. Tutorials should demonstrate how data can best be used. 
B. THE ABILITY TO ASK AND ANSWER BIGGER QUESTIONS 
Both the researchers and resource managers are interested in a ―big picture‖ understanding of the 
features within the park. Researchers want to understand connections amongst heterogeneous types 
and streams of data, and to exploit connections across diverse projects. Curation would need to 
support longitudinal studies across sites; exploration of the dynamic systems within the park; site 
evolution over time; suites of metabolic function and their relationship to the environment; and the 
evolution of microbial communities in space and time. Real time APIs
14
 would be an important 
aspect the envisioned functionality. 
 
The park would benefit from understanding dynamics of features over time and ecological impacts 
of interactions within and around the features, but also from a more efficient way of querying park 
databases to understand prior work. Resource managers also want to foster a culture of data sharing, 
which could allow researchers to ―learn together‖ and benefit from (rather than replicate) prior 
work. One resource manager said, ―I think right now it‟s more work to find out if someone has done 
something and to get the data than it is to do it from scratch and start over again. And I think we 
lose huge opportunities to understand the [natural] system because you can never afford to 
recollect everything.‖ 
C. AWARENESS OF RESEARCH ACTIVITY 
Both researchers and resource managers wanted more transparency regarding overall research 
activity in the park. Researchers were interested in a broader understanding of research conducted in 
the park—what research questions are being asked and what their colleagues are finding, to inform 
how they can tie their data together. An awareness system could assist in making progress toward 
uniformity in formats and description, make projects more visible and data more traceable proposals 
and papers, and satisfy a number of funding agency requirements for data reporting, a potential 
outcome that could easily gain support from the wider community.  
 
Resource managers saw awareness from a ―research services‖ perspective – better documentation of 
who is doing what, when, and where – would allow them to support research more strategically. 
From the park perspective, important gains could be made without dedicated YNP infrastructure but 
simply by being able to ―proactively provide resources [about data curation and repository 
services] for researchers … on the front end.‖ An important further step would be to support and 
market ―an effort to try to help people deposit metadata in a format that would help them meet their 
obligations with funders but then also would make it so we all know where to look for it.‖ 
 
                                                             
14 Application Programming Interface (API) is a term that refers to a set of technologies that enable websites to interact with each other.  
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D. LONG-TERM VALUE 
Resource managers were interested in understanding trends in data use over time, with researchers 
tending to emphasize the need to plan for the unintended uses of data over time. Examples were 
offered of how data sources preserved by the park for historical reasons were later reused, as with 
field notes containing description of snowfall applied in new studies of weather patterns and climate 
change. Resource managers were concerned about data obsolescence and the tendency for data not 
to be described adequately before acquisition by the park.   
E. SCIENCE LITERACY AND PERCEPTIONS OF SCIENCE 
There was consensus about the value to the general public of the data, metadata, and infrastructure 
involved in curation, especially with the appeal and scientific significance of YNP. A public-facing 
repository would be essential, and certain areas should be highlighted for more general purposes, 
such as information on methods for gathering data for educating students and junior researchers. 
Benefits were recognized for curricula, from the primary level to the graduate level, to take 
advantage of data examples and methodologies of practicing YNP researchers for education across 
the physical, chemical and biological sciences. 
7. CONFIRMATION OF YELLOWSTONE NATIONAL PARK AS EXEMPLAR  
Workshop participants, particularly those in the ―researcher‖ group, confirmed YNP as a 
generalizable exemplar of a scientifically significant site for developing a model of site-based data 
curation, and for testing best practices and standardization. It is unique as an ideal ―microcosm‖ for 
scientific investigation but not in a way that would detract from the site as a model. The nature of 
the researcher community was also considered an asset, since they are collegial but with highly 
individualized research programs, offering important diversity in collaborative arrangements not 
seen in other sites (such as coral reefs or deep carbon sites) which are dominated by large team 
projects. Thus, the research in YNP is highly representative of the heterogeneous ―long tail‖ 
research being conducted in other scientifically significant sites the world over. Moreover, the 
number and variety of features within the park support comparative studies and verification of 
system-wide hypotheses or results. Over time, suspected anomalies can be understood from patterns 
and trends. In addition, researchers reported that the features at YNP support more accurate and 
stable sampling. For example, while there are comparable thermal features found along undersea 
vents, samples taken from oceanographic features are less discrete and prone to mixing by water 
currents, unlike samples taken from YNP’s land-based features. 
 
Accessibility to YNP is a major advantage. It has a lower barrier to entry and investigation than 
many sites that are more difficult for access and data collection. Many of YNP’s 12,000 thermal 
features can be accessed by foot or car, yet are not publicly exploited. This means that researchers 
can fail early and often, since it is easy to repeatedly work at the same site and readily fine-tune 
their research questions and sampling methodology over time. One researcher noted that this would 
be impossible at ―any other high temperature environment right now in the planet, access would be 
hugely problematic [due to the inaccessibility of the sites]‖. 
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HIGHLIGHTS AND RECOMMENDATIONS 
A. DATA SHARING AS A BROADER IMPACT 
The participants’ view of data sharing as a ―broader impact‖ is a progressive idea that could help 
this data community, and many others, prioritize curation activities as an integral part of their 
individual research processes. Current funding agency requirements for data management plans and 
the OSTP Open Data Policy are effective and necessary top-down federal directives. However, 
encouraging and rewarding a broader impacts perspective internalizes commitments to building 
collectively developed and shared data resources. The value of YNP data in aggregate was evident 
to participants, who emphasized the benefits for improving both scientific progress and efficiencies 
for: 
 formulating and advancing ―big picture‖ research questions, particularly those that would 
require integration or querying across large, broad, or longitudinal datasets, 
 identifying what research questions should be explored next, even beyond YNP,  
 fostering collaboration among independent investigators working within YNP, and 
 supporting education initiatives by providing students, teachers, and the general public 
access to authentic research data, but also exposing them to the processes and expectations 
around collecting data in the field and making it publically available. 
 
Broader impacts for YNP resource managers included improvements in: 
 coordination between park staff and researchers, 
 transparency of data collection activities, and 
 identification of trends and connections across projects. 
 
Recommendation: A goal of the next phase of the project is to develop materials that can be 
distributed to researchers on principles and best practices for data curation. Those materials should 
also emphasize the tight association between the curation and sharing of data and the broader 
impacts of their science. 
B. PHOTOS AS ORGANIZATIONAL FRAMEWORK FOR DATA  
Researchers agreed that digital photographs could act as a central component for organizing the 
various types of data – physical, biological, chemical – collected during a sampling event. Not 
only do photos provide a reliable way of capturing sampling context and conditions at the point of 
data collection, but they also give researchers and resource managers a way to easily assess general 
site conditions and document site changes over time. Photos seem to be a natural and highly 
functional way of anchoring and relating data and metadata for discovery, browsing, and reuse.  
 
Recommendation: Develop a plan or pilot for demonstrating how photos could be leveraged for 
organization of data. 
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C. STANDARDIZED DESCRIPTION OF DATA AND ASSOCIATED PROCESSES 
Reuse of data will depend on detailed and consistent records of sampling processes and 
additional contextual metadata. Discussions began to converge on community metadata 
expectations that would aid in data sharing and reuse. A suggested set of core metadata elements 
with extended elements for specific types of data was an outcome of the workshop (Appendix 9). 
 
Recommendation: Implement a vetting process among the workshop group for the suggested 
metadata schema and a process for open commenting by an extended group of YNP researchers. 
Identify candidate controlled vocabularies for encoding metadata. Assess existing reporting 
procedures (IARs, Field Surveys) to determine current reporting norms. Explore approaches for 
community development of vocabularies that are not currently available. 
D. EXISTING INFRASTRUCTURE, PRACTICES, AND COORDINATION 
There is a clear need to more fully assess current, internal NPS and YNP data infrastructure, ad hoc 
data aggregation efforts, preferred metadata formats, and guidelines and policies around data 
collection. In addition, YNP data resources that are intended to be publicly accessible need to be 
considered and promoted. The Yellowstone RCN has made significant progress that can inform 
SBDC and should be represented in SBDC outreach and awareness efforts. Current practice and 
expectations need to be understood in relation to goals for the curation and coordination of the data 
produced by external researchers. In particular, the reporting and permitting processes already 
required for external researchers seems a natural point of contact for engaging YNP external 
researchers.  
 
Recommendation: Identify and consult with personnel within YNP, NPS, and key initiatives, who 
can advise on the current state of internal data management and coordination. Include relevant 
information or pointers in awareness materials for researchers. Assess potential for different levels 
of intervention around current reporting and permitting processes. These would likely range from 
researchers being left to comply with federal data management expectations of their own volition, to 
awareness campaigns coordinated through researchers’ home institutions, to outreach through YNP 
or NPS, or more formal guidelines associated with reporting or permitting processes. 
E. DATA MANAGEMENT PLANS 
With the production of data management plans (DMP) becoming more routine for university 
researchers, there are opportunities to link SBDC work with the DMP process.  
 
Recommendation: In follow up with participants, explore how the DMP process might be 
exploited for analyzing or encouraging best practices and for closer collaboration with university 
library data services or other university units involved in overseeing data management and ethics.  
 
Data Curation for Geobiology at Yellowstone National Park Workshop Report 22 
 
APPENDIX 1: TABLE OF ACRONYMS USED IN THIS REPORT 
Table 1.  Acronym Summary  
DMP        Data Management Plan 
DOI  Digital Object Identifier 
FGDC      Federal Geographic Data Committee 
GPS         Global Positioning System 
IAP   Investigator Annual Reports 
ICMS  Interior Collections Management System 
IRMA Integrated Resource Management Applications 
NPS  National Park Service 
OSTP   Office of Science and Technology Policy 
SBDC Site-Based Data Curation 
SWEET Semantic Web for Earth and Environmental Terminology 
YCR  Yellowstone Center for Resources 
YNP  Yellowstone National Park 
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APPENDIX 2: PARTICIPANTS  
Twenty leading researchers in geobiology at Yellowstone National Park (YNP) were invited to the 
workshop as well as YNP rangers and park personnel. Due to government sequestration and 
scheduling conflicts, some were unable to attend. Participants are listed below in alphabetical order 
by last name. 
 
Name Affiliation 
Abigail Asangba University of Illinois at Urbana-Champaign 
Karen Baker University of Illinois at Urbana-Champaign 
G. Sayeed Choudhury Johns Hopkins University 
Colleen Curry Yellowstone National Park 
Tim DiLauro Johns Hopkins University 
Bruce Fouke University of Illinois at Urbana-Champaign 
Dave Hallac Yellowstone National Park 
Anne Foster Yellowstone National Park 
Bob Fuhrmann Yellowstone National Park 
Christie Hendrix Yellowstone National Park 
Henry Heasler Yellowstone National Park 
Virginia Iglesias Montana State University 
Bill Inskeep RCI, Montana State University 
Zach Jay Montana State University 
Susan Kelly Montana State University 
David Mogk Montana State University 
Gary Olsen University of Illinois at Urbana-Champaign 
John Peters Thermal Biology Institute, MSU 
Ann Rodman Yellowstone National Park 
John Spear Colorado School of Mines 
Cristina Takacs-Vesbach University of New Mexico 
Andrea Thomer University of Illinois at Urbana-Champaign 
Virgil E. Varvel, Jr. University of Illinois at Urbana-Champaign 
Karen Wickett University of Illinois at Urbana-Champaign 
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APPENDIX 3:  INITIAL WORKSHOP INVITATION  
The following email template was used in the initial invitation to participants. 
 
Dear Dr. xxxx, 
 
We write to invite you to an invitational workshop, Data Curation for Geobiology at Yellowstone 
National Park, to be held at Yellowstone’s Heritage and Research Center, Gardiner, Montana, 
April 16-17, 2013. 
 
This event is part of the Site-Based Data Curation Project (SBDC) funded by the Institute of 
Museum and Library Services. The principal investigators are Carole Palmer and Bruce Fouke from 
the University of Illinois, Ann Rodman from Yellowstone National Park, and Sayeed Choudhury 
from Johns Hopkins University. 
 
We expect to have up to 25 participants, including researchers from biology and geology, 
Yellowstone National Park representatives, and project personnel. 
 
All basic expenses will be covered (transportation, lodging, and food) for your participation in the 
two-day event. 
 
The primary objective of the workshop is to establish a forum for participants to advise the SBDC 
Project, from both scientific and resource management perspectives, on its work supporting long-
term preservation and access for Yellowstone Geobiology data. 
 
The workshop will generate benchmarks for curation related to the collection, representation, 
sharing, and quality control of data. Toward this end, each participant will complete a short online 
questionnaire in advance of the workshop about the data they collect at Yellowstone and related 
issues. We also request that participants be willing to provide limited follow-up consultation. 
 
The tentative schedule is appended below (See Appendix 5). Further information on the project can 
be found at: http://cirssweb.lis.illinois.edu/SBDC/index.php 
 
Please let us know by January 31, 2013, if you accept our invitation by responding to the Project 
Coordinator, Virgil Varvel, at [email]. If you accept, we will provide further information on 
logistics and the final workshop schedule. 
 
Feel free to contact any of us if you have questions. 
 
We sincerely hope you will contribute your expertise to this important initiative. 
 
[Address Block of PIs] 
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APPENDIX 4: CONSENT AND WORKSHOP WORKSHEET  
The following document was used to obtain consent for workshop/research activities and to obtain 
information about researchers’ data. Spacing for answers was removed for this appendix. 
Welcome to the Data Curation for Geobiology Informational Worksheet.  
Thank you for your interest in the invitational workshop, Data Curation for Geobiology at 
Yellowstone National Park, to be held at Yellowstone’s Heritage and Research Center, Gardiner, 
Montana, April 16-17, 2013, and in participating in the associated research activities. The meeting 
will provide an opportunity to work with other Yellowstone scientists and our project team to 
advance the curation of Yellowstone data, the professional work of site-based data curation, and 
further inter-institutional relationships to facilitate curation. As a participant, you will receive travel 
and lodging for the 2 days/nights of the workshop.  
The research associated with this workshop is being led by Bruce Fouke and Carole Palmer at the 
University of Illinois in Urbana-Champaign. Participation will involve 1) completion of a pre-
workshop worksheet (approximately 26 questions that will inform our discussion during the 
workshop that follow this consent form); 2) attendance at the invitational workshop where you will 
participate in breakout sessions and a focus group (each approximately 90 minutes in length); and 3) 
a potential follow-up interview to further clarify workshop outcomes. The interview will be no 
longer than 45-60 minutes, scheduled at your convenience, and conducted over the phone. With 
your permission, we will audio record the interview session. Participation is entirely voluntary and 
costs are covered as a workshop participant. You may stop participation at any time with no 
penalty. Participation in this research is not required for participation in the workshop. Although the 
researcher will keep what is said during the workshop confidential and will ask other participants to 
maintain confidentiality, due to the nature of group interviews, confidentiality cannot be guaranteed. 
The primary purpose of this research is to produce site-based data curation knowledge that may be 
disseminated as parts of research reports and for possible dissemination as part of journal articles, 
academic papers, and/or conference papers or posters as appropriate. Information will also appear in 
grant reporting. Reports and publications from the research will present only aggregate or 
anonymized results, with no statements or results linked individually to you. We will ask for your 
permission to include your name in a list of workshop participants. There are no risks involved in 
participating in this research other than those involved in ordinary everyday professional life. 
Please print and retain a copy of this letter and the consent form for your records. If you have any 
questions or comments about this study, please direct your inquiry to Dr. Carole Palmer 
(217.244.0653 or clpalmer@illinois.edu). The results from the workshop and associated research 
may be disseminated in project reports, scholarly journals, and conferences. Reports will be made 
available to all participants.  
If you have any questions about your rights as a participant in this study, please contact the 
University of Illinois’ Institutional Review Board at 217-333-2670 (collect calls accepted if you 
identify yourself as a research participant) or via email at irb@illinois.edu. 
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By consenting below, you verify that you have read and understood this consent form, are at least 
18 years of age, and voluntarily agree to participate in this study. Please indicate your consent to 
participate in each segment by checking the appropriate box: pre-workshop worksheet; workshop 
participation including breakout session and focus groups; audio recording during the workshop; 
inclusion of your name as a participant in reports; and potential follow-up interviews. Participation 
in breakout sessions and focus groups as well as audio recording are requirements to fully 
participate in this workshop event. Recording files will be deleted following transcription, and 
transcription files will be deleted in 5 years. At any time during this study, you are free to end your 
participation with no consequences, at which time any data you have submitted will be erased at 
your request. 
Sincerely, 
Dr. Carole Palmer 
clpalmer@illinois.edu 
Graduate School of Library and Information Science 
501 E. Daniel St. 
Champaign, IL 61820 
Dr. Bruce Fouke 
fouke@illinois.edu 
Institute for Genomic Biology 
1301 W. Green St. 
Urbana, IL 61801 
 
Please check the boxes below to indicate consent to this research. 
 
YES - I consent to completing the pre-workshop worksheet. 
 
YES - I consent to participation in the workshop including breakout sessions and 
focus groups. 
 
YES - I consent to audio recording during the workshop. 
 
YES - I consent to my name being included in reports in a list of workshop 
participants. 
 
YES - I consent to a follow-up interview. 
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Background Information 
Please provide a biographical sketch, up to 300 words, describing your research and teaching activities in 
Yellowstone National Park (YNP) over the last 5 years. This information will be included in workshop 
materials and on the project website. 
 
How many years in total have you conducted research and teaching in YNP?   
 
List up to five of the most important publications from your work in YNP over the last 5 years. 
1.  
2.  
3.  
4.  
5.  
 
Below, we are primarily interested in digital data collected or generated over the last five years, although 
we do also ask about physical, chemical, and biological samples. As you focus on your digital data, please 
also tell us about related non-digital data and information when it is tightly related or important for 
context. 
Please feel free to respond with “none” or to leave a question blank if you are not able to readily answer 
it. 
 
Data Collection 
List up to five sets of data you have collected at YNP in the past 5 years. Provide a name and short 
description for each that includes information such as date and location, kinds of measurements, variables, 
current format of the digital data, etc. 
1.  
2.  
3.  
4.  
5.  
 
List the specific field sites and thermal features where you collect data at YNP? 
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What physical, chemical and biological samples do you collect at these sites? Please be as specific as 
possible about volume, tools, replication, time frame, and frequency. (i.e. spring water - 50 ml - sterile 
syringe - n triplicate within 3 minutes - every 12 hours). 
 
What other types of data do you record at these sites, using tools like hand sensors, pH or temperature 
meters, data loggers, etc.? 
 
Describe any methods or mechanisms you use or think are important for assuring data quality. (e.g., 
collecting data in triplicate, recording metadata and other contextual documentation.)  
 
Briefly describe the data processing or transformations typically performed after data are brought back to 
the laboratory or office from YNP. (e.g., reformatting, conversion to standard data formats, transfer to 
spreadsheets or databases, etc.)  
 
 
Data Modeling 
 
Once your basic physical, chemical and biological datasets are collected, what approaches and tools do you 
use to model this data? Select all that apply.  
a. qualitative   
b. quantitative   
c. predictive  
d. other ______________  
e. none  
Comments:  
 
Please list the statistical and computational packages you use (i.e., Excel, SAS, R, Matlab, Mathematica)? 
 
Please list the desktop or online modeling programs you use. (e.g., GeoChemist Workbench, STELLA, KEGG, 
etc.).  
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** In the sections that follow, please consider model output data as well as data collected at YNP. 
Data Organization and Description  
How do you organize your data for storage and access by you and others on your research team? In 
particular, describe how you group your data—by date, site, variable, or in some other way.  
 
Describe any master lists or inventories you maintain of your data files. (e.g., spreadsheets or documents 
listings all your files or field campaigns; lists in field or lab notebooks.)  
 
Identify any community-wide approaches or standards you use for describing or annotating your data. (e.g., 
FGDC geospatial metadata or genomic standards; controlled vocabularies or ontologies such as SWEET or 
OpenGIS).  
 
Describe any approaches you have developed locally for describing or annotating your data.  
 
Data Management and Sharing 
What types of personnel are involved in managing your data? (e.g., graduate students, undergraduate 
students, postdocs, research scientists, other staff, etc.) Please indicate if any are specifically recognized or 
designated as a data or information manager? 
 
Describe your experience developing data management plans for your proposals or for other purposes.  
 
 
What online data repositories or archival sites are you required to upload your data to (e.g., GenBank, 
Ensembl, or as supplemental files with journal articles, etc.). 
 
 
Describe any ways you have voluntarily made your data publically available online. (e.g., on a lab website, 
as supplemental files to journal articles, deposited in a university repository, through the YNP RCN 
Network, NSF DLESE, or other archives or repositories).  
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If you have used data collected by others at YNP, how did you find out about and acquire these data?  
 
Please feel free to share any additional comments about your research or questions about our work: 
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APPENDIX 5: WORKSHOP AGENDA  
Tuesday, April 16 
Breakfast on your own (available from the hotel) 
 9:00-9:30  Overview of project and workshop objectives (Fouke and Palmer) 
 9:30-10:00  YNP data activities and interests (Rodman) 
 10:00-10:30  Data Conservancy repository developments and directions (Choudhury) 
 10:30-10:45  Morning break 
 10:45-12:00  Integrative science activity and discussion (Fouke and Thomer) 
 12:00-1:15  Catered lunch 
 1:15-2:15   Describing data for reuse (Palmer and Fouke)  
 2:15-3:15  Preparing data for sharing and repositories (DiLauro and Choudhury) 
 3:15-3:30  Afternoon break 
 3:30-4:30  Improving data acquisition techniques and guidelines for YNP (Rodman and 
Hendrix) 
 4:30-4:45  Update on RCN Website (Inskeep, Jay, Sully, Rodman, Hendrix) 
 4:45-5:00  Wrap-up discussion 
 6:30 Group dinner (2-Bit Saloon, 107 S. 2
nd
 St., Gardiner) 
 
Wednesday, April 17 
Breakfast on your own (available from the hotel) 
 8:30-10:00  Breakout sessions: Structured discussions 
o Researcher group: meet in hotel meeting room  
o Resource Manager group: at HRC 
 10:00-10:15  Break (Researcher group walk or drive to HRC) 
 10:15-11:15  Group discussion on developing community guidelines 
 11:15-12:00  Wrap-up and next steps 
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APPENDIX 6: FOCUS GROUP DISCUSSION GUIDES  
Below are the discussion questions that guided two focus groups conducted on April 17, 2013.  One 
focus group included resource managers from YNP; the other, researchers who conduct work within 
YNP.  Please note that not all questions were asked due to time constraints with the groups.   
RESOURCE MANAGER FOCUS GROUP QUESTIONS 
1) What short-term needs do you have for researchers’ data?  Long term?  
What about for geobiology specifically?    
What would be the next domain to approach after geobiology?  
2) Are there important lessons from how artifacts and their associated digital data are being kept in 
the archives? 
What if you have data without a document or an artifact – how does that fit into your 
system? 
What are you learning now at the HRC about how to manage the data that researchers’ do 
provide you? 
3) YNP has been referred to as a model of best practice for other park service.  We’d like to think 
that if we can come up with some good practices about digital data that other parts of the NPS might 
pay attention.  How do you think that might be facilitated?  Are there professional communities 
within the park service? 
 What would the barriers to dissemination be?  
4) We’ve talked a bit in the last two days about strategic planning for science.  I wonder if you’ve 
thought any more about our discussion on this, and how that might play into short or long term 
goals?   
What do you need to know about work by independent researchers at YNP for strategic 
planning for science?  Yesterday there was some mention of understanding the spatial 
overlap of sampling – is there more you want to say about this? Are there other things that 
you could understand better with a coordinated view of research going on in the park? 
5) How can current guidelines and processes best be leveraged? 
What parts of the permitting processed can be modified or augmented? what are the 
possibilities with IARs and permitting?  These are our two points of intervention: permitting 
and publication. 
6) If we were going to provide you with materials or recommendations to provide researchers 
getting permits, what would those look like?  Should it be a strong recommendation that they take 
geolocation? 
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What kinds of outreach could be useful in helping scientists? 
 
7) Who needs to be involved beyond who has been in the room? How do we engage them? 
8) If you had to pick one big win for this project, in terms of your own interests and professional 
roles at YNP, what would it be? 
9) What else haven’t we talked about that you think that we should have? 
RESEARCHER FOCUS GROUP QUESTIONS 
1)  As was raised yesterday, all YNP data may not be equally valuable for re-use purposes. 
What bodies of data that might be potentially high impact, or particularly re-usable by 
others?   
Are there data that would be particularly complementary to what is currently being provided 
through the RCN? 
2)  We know geo / temporal elements are vital to your science – the where and when of data 
collection. What aspects of ―how‖ are also critical? 
3)  What types of relationships need to be made explicit among data sets? 
Example include NSIDC – historical photos and current atmospheric for climate; Projects; 
Physical, biological, chemical? 
4)  To us, understanding site based curation at YNP should have implications for other scientifically 
significant locations, such as coral reefs, deep earth observatory, etc. Do you see any unique aspects 
about YNP that would not generalize? 
5)  How do you think policies or guidelines to support curation are likely to be received by the 
larger community of YNP researchers? Such as expectations about core metadata and submitting 
data to a repository for public access? 
6)  If you had to pick one big win for this project, in terms of your own interests and the science you 
conduct at YNP, what would it be? 
7)  What else haven’t we talked about that you think we should be considering? 
Potential issues include: Semantic web; Larger universe of networked data; International 
interoperability. 
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APPENDIX 7: INTEGRATIVE SCIENCE ACTIVITY 
ACTIVITY CONTEXT 
As a part of a two-day workshop discussing data curation with major data stakeholders at 
Yellowstone National Park, lead research scientists and principle investigators were asked to take 
part in an exercise in which they listed the kinds of data they were generating for their own work. 
Participants then exchanged sheets with their neighbors and were asked to speculate on the kinds of 
information they would need to know in order to reuse their neighbor’s data in their work.  A 
condensed version of the handout is below: 
HANDOUT 
Describe a project you are working on or have worked on recently? (bullets or 1-2 sentences) 
Describe the data associated with this project? (bullets or 1-2 sentences) 
Map the different components of that data to the corners of the triangle below: 
 
Now trade your sheet with your partner.  Look at each component of your partner’s data.  For each 
component, please describe the additional information you would need in order to use their data in your 
own work.   
 
Relevant Physical 
Components 
Relevant Biological 
Components 
Relevant Chemical 
Components 
 
Physical 
Chemical Biological 
Time, Space 
Evolution, Ecology, 
Geology, Context 
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APPENDIX 8: INTEGRATIVE SCIENCE ACTIVITY RESULTS 
SPATIAL/TEMPORAL DATA 
The activity revealed that researchers required a minimum set of data to contextualize where and 
when the data was taken. This information included: 
 Site Location (GPS coordinates) 
 Data/Time 
 Habitat Type 
 Sampling location within the site 
 Photographs recording the sampling location 
 
Photographs of site features were greatly emphasized both as a type of data being collected and as a 
resource for contextualizing other data collected at the site. Since the morphology of the geological 
features at Yellowstone sites are highly dynamic, photographic data allows researchers to 
reconstruct both major and minor changes in site-based features over time. Photographs are also 
valuable sources of information regarding habitats for the microbe communities that form at many 
of the Park’s springs.  
METHODOLOGICAL DATA 
Researchers also noted that information on the tools and methods use to take samples and produce 
data were very important and sought information about: 
 Methodology of data collection 
 Periodicity of data collection  
 Instruments used in data collection 
 Standard vocabulary for 
o Site features 
o Site locations 
o Genre of data 
o Units of measure 
BASIC CHEMICAL DATA 
Since YNP is a very active geothermal system, pH and temperature data are used in many of the 
analyses carried out by various researchers. These two types of essential chemistry data appeared on 
virtually all of the integrative activity sheets completed by the participating researchers. 
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APPENDIX 9: DATA CONTEXT AND PARAMETERS  
I. Core Parameters  
 
1. Full PI/Investigator Name(s) 
2. Date and Time – allows direct tie-in here into other datasets, including climatological 
3. GPS location – at vent if possible - 3X different types of input coordinates 
4. Site Name – as accurate and consistent as possible with USGS official place names or NPS 
Thermal Inventory location name and ID number (corrected as needed) 
5. Investigator Sample ID Code numbering scheme – not all samples, but reference codes 
6. Altitude (Elevation) – in meters derived from topographical maps or separate GPS systems 
7. Field photograph – with embedded digital information on sample sites and other information (not 
just a ―marked‖ photo), as possible 
8. Temperature – with brief description of techniques, stats of data collection 
9. pH – with brief description of techniques, stats of data collection 
 
All other datasets and information will be directly accessed and linked through the parameters 
 
II. Other Parameter Categories 
Note – for every measurement, one must consider the following: 
Technique –Experimental Design 
Measurement, Uncertainty and Units 
Instrument Detection limit  
 
1. Geology Data – 
 Descriptive Contextualization 
 Sedimentology – including crystal growth, crystal architecture 
  Crystal size, growth habit, architecture 
 Geomorphology – i.e. terraces, terracettes, microterracettes 
 Geochemistry - solid phase  
 Element 
 Isotopic 
Molecular – biotic and abiotic 
Suspended Solids – sediments versus autochthonous 
2. Water Data – 
 Descriptive Contextualization 
Chemistry – aqueous phase 
 Element 
 Isotopic 
Molecular – biotic and abiotic  
 Hydrology and Fluid Dynamics 
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3. Weather Data – 
 Air Temperature 
 Wind Speed and Direction 
 Humidity 
 Atmospheric Air Pressure 
 Light Intensity – i.e. photosynthetically active radiation (PAR) 
 
4. Biological (Biota) Data - 
Organismal Data - 
Descriptive Data - Color, Shape and Form 
Ecology Data – i.e. mats versus planktonic 
Contextualization 
 Central Dogma (nature of molecule) – sequences with possible frequencies 
  DNA-RNA - targeted versus bulk – projected activities 
  Protein – proteomics – projected activities 
 Peripheral Dogma – basically concentrations 
  ATP and Metabolites - metabolomics 
Lipids and Chromophores 
Cell Wall 
Chlorophyll 
  Metabolic Capabilities – experimental identification 
   Activities - i.e. Rubisco assay 
   Specific Molecules – i.e. protein antibody 
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APPENDIX 10: FIELD SURVEY  
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 APPENDIX 11: INVESTIGATOR ANNUAL REPORT  
Investigator's Annual Reports (IARs) are “mandatory year-end reports required from all Principal 
Investigators (PI's), who engage in science and resource management activities in the various 
parks. A wide range of technical disciplines are represented. Parks are listed alphabetically and a 
search utility is provided for retrieval of research summaries according to park, subject or names of 
the PI's.‖15  IARs from all parks and national monuments from approximately 1990 to present are 
publically available in the NPS Researcher Permit and Reporting System.
16
  Data that can be 
reported in IARs include: 
 Investigator Names, Addresses, and other contact information 
 Project Name, Permit Number and Study Number 
 Project Discipline (e.g. Geology, Biology, Education, etc) 
 Project Status (e.g. continuing, completed) 
 Project Objectives and Results 
 Funding amount and source 
 And an indicator of whether physical collections have been collected, and if so, where they 
are being stored. 
Researchers complete their IARs with varying levels of thoroughness and detail, and NPS resource 
managers noted that they sometimes struggle to get researchers to submit them punctually by the 
annual NPS regulatory deadline of March 31.  YNP resource managers ask for field surveys 
(Appendix 9) to be completed along with and IAR. 
 
 
 
                                                             
15 http://www.nps.gov/glac/naturescience/for-researchers.htm 
16 science.nature.nps.gov/research/ac/ResearchIndex 
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APPENDIX 12: PERMITTING AND DATA MANAGEMENT 
INFRASTRUCTURE AT YELLOWSTONE NATIONAL PARK  
 
In interacting with scientific researchers, YNP personnel oversee a permitting process for 
research on site, maintain a tracking system for physical specimens, and manage site visits. Thus, 
the research office at Yellowstone serves two purposes: 1) permit administration and 2) resource 
protection in compliance with the National Environmental Policy Act (NEPA). The aim of this 
appendix is to describe existing permitting and data reporting policies, standards and computer 
systems, as well as to consider the context within which a site-based tracking system for digital 
research data and metadata may eventually be created. Any new application would best be designed 
to capitalize upon and coordinate with existing systems.  
YNP makes use of NPS-wide digital information systems as well as on-site, stand alone, 
YNP-specific desktop applications and data collections (often collected and maintained by park 
personnel). One of the NPS-wide systems in use is IRMA, the Integrated Resource Management 
Application.  IRMA brings together many formerly separate NPS-wide databases and reporting 
applications, such as: the Research Permit and Reporting System (RPRS), which manages permit 
applications and Investigator Annual Reports (IARs; see Appendix 11); NPSpecies, a database of 
species checklists for each park; and the NPS DataStore, a repository for publications, maps, theses, 
and some datasets related to the parks.  Though IRMA does provide public, web-based access to its 
holdings, many of the resources in it are for internal use and viewing only.  Additionally, while 
IARs are publically searchable and downloadable, permits and permit applications are for internal 
use only. We note that IRMA is a work in progress; functionality is being added on an ongoing 
basis. IRMA (via the DataStore) has historically been primarily used to store and aggregate 
manuscripts and digital documents, however, now that the RPRS system has been integrated into 
IRMA, it appears that researchers may be able to upload datasets along with their IARs.  We are 
exploring whether there are file size and type constraints, as well as whether IRMAs search 
capabilities will be sufficient for researchers’ needs.  
Additionally, because it is NPS policy to collect, protect, preserve, provide access to, and 
use objects, specimens, and archival and manuscript collections to aid understanding and advance 
knowledge, many NPS data reporting systems and requirements concern physical specimens and 
their associated data. The Heritage & Research Center (HRC) houses YNP’s museum collection,17 
archives, research library,
18
 and herbarium,
19
 and accession and catalog numbers are tracked by an 
NPS-wide database, the Interior Collections Management System (ICMS). Specimens may be only 
collected by researchers issued a Scientific Research and Collecting permit, and though researchers may 
be granted permission to store the specimens at their home institution (typically through a 10-year, 
renewable loan agreement), these specimens remain the property of the NPS permanently and must bear 
NPS labels must be accessioned and cataloged in the NPS National Catalog (via ICMS). Regardless of 
                                                             
17 http://www.nps.gov/yell/historyculture/museum.htm 
18 http://www.nps.gov/yell/historyculture/collections.htm 
19 http://www.nps.gov/archive/yell/nature/plants/index.htm 
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where the specimens are housed, collectors must report specimen-related metadata to park 
collections managers, and participate in annual specimen inventories. This metadata includes the 
specimens’ taxonomic identifications, number of specimens collected, location collected with UTM 
coordinates and date/time collected, method of preservation or preparation (e.g., herbarium sheet, 
preserved in alcohol/formalin, tanned and mounted, dried and boxed, destroyed through analysis, etc.), 
and current location. 
NPS digital systems a range of tracking numbers to manage permits and documents 
associated with researchers and their projects.  While some practices are NPS-wide, others are more 
park specific and ad hoc.  Though some of the identifiers described below are used NPS-wide, some 
of the practices surrounding them are unique to YNP:  
1) Application Number - The research permit application process is typically initiated via an 
email exchange of forms. Upon receipt of an application for a new project or a renewal of an 
existing project, an application number is issued.  
2) Permit Number – In communications at the park, the permit number is the main project 
identifier used by park coordinators. Permit numbers are issued sequentially to applicants 
upon review and approval of permit applications. The permit number also appears on IARs. 
At the time of the workshop, the research permitting was managed by a stand-alone 
application. This process has since been migrated and is now carried out by IRMA.  
3) Investigator Annual Report number - A permit is valid for one year but may be renewed via 
submission of a new application. An investigator is required to fill out an Annual Report 
(IAR) that is identified by the permit number. 
4) Trip Number – There may be one or many trips to the park planned as part of a single 
project. For each trip, the researcher is required to fill out a web form about their trip (date, 
time, location) for safety reasons. Upon submission, a trip number is assigned. The trip may 
be seen either on the researcher check-in or on the researcher page.  
The permit number and trip number represent potential mechanisms for organizing and linking 
external researchers’ data via new digital data applications. That is, digital data logs, catalogs and 
collections eventually may be developed to manage the data of external researchers regardless of 
where development occurs - internal and/or external to the park.  
The trip number is not publically available at this time. If the trip number were made public, it 
could potentially be used as an identifier for data relating to each park visit. Design discussions 
would be needed to determine whether the trip number or the permit number granularity is more 
appropriate for data identification. 
 
